Language-specific differences in number words influence number processing even in nonverbal numerical tasks. For instance, the unit-decade compatibility effect in two-digit number magnitude comparison (compatible number pairs [42_57: 4 Ͻ 5 and 2 Ͻ 7] are responded to faster than incompatible pairs [47_62: 4 Ͻ 6 but 7 Ͼ 2]) was shown to be influenced by the inversion of number words (e.g., in German the number word for 42 is zweiundvierzig [literally: two-and-forty]). In two studies, we used articulatory suppression to investigate whether previously observed cross-linguistic differences in two-digit number processing are indeed driven by differences in number word formation. In a two-digit number comparison task, German-and English-speaking participants had to identify the larger of two numbers presented in Arabic digits. In Study 1, participants performed the same task twice, with and without articulatory suppression. In Study 2, the percentage of within-decade filler items (36_39) was manipulated additionally. As expected, in both studies between-groups differences in the compatibility effect disappeared under articulatory suppression irrespective of the percentage of fillers included. Furthermore, paralleling results of previous studies including 33% or less filler items, we found that the compatibility effect was larger in German compared with English speakers in the 20% filler condition. However, this pattern was reversed in the 50% filler condition in both studies. Thus, results provide first direct evidence for influences of verbal number word formation on symbolic number processing. Moreover, these new findings suggest that linguistic influences and those of cognitive control processes associated with characteristics of the stimulus set interact in symbolic number processing.
International studies evaluating scholastic abilities (e.g., reading, writing, and mathematics) have consistently reported large cross-cultural differences in mathematical performance (e.g., Organisation for Economic Co-operation and Development (OECD), 2014). In addition to differences in schooling and cultural valuation it has been argued that the language of mathematics learning and instruction matters as well. For example, the degree of correspondence between the Arabic number system and a language's number word system may partly account for the observed crosscultural differences (e.g., Moeller, Shaki, Göbel, & Nuerk, 2015; see Okamoto, 2015 for a review). In this context, previous research highlighted the relative simplicity of Chinese number words, also called the "Chinese number advantage" (e.g., Miller, Kelly, & Zhou, 2005; Miura & Okamoto, 2003) . Importantly, both power and order are expressed transparently in both the number and the number word system (see Miller et al., 2005; Ng & Rao, 2010 for more detailed descriptions). However, for other languages, (e.g., German, Dutch, Maltese, etc.; Comrie, 2005) the consistency between number words and Arabic digits is not as high as one would expect when looking at the highly systematic structure of the Arabic number system. Especially the counterintuitive inversion of tens and units in several number word systems (e.g., 25 ¡ fünfundzwanzig-literally five and 20 in German, but also in Dutch, Arabic, Maltese, etc.) not only constitutes an obstacle during the acquisition of multidigit number knowledge (e.g., Gö-bel, Moeller, Pixner, Kaufmann, & Nuerk, 2014; Helmreich et al., 2011; Imbo, Vanden Bulcke, De Brauwer, & Fias, 2014; XenidouDervou, Gilmore, van der Schoot, & van Lieshout, 2015) but also influences number processing for numerically skilled adults (e.g., Brysbaert, Fias, & Noël, 1998; Lonnemann & Yan, 2015; Moeller et al., 2015; Nuerk, Weger, & Willmes, 2005) .
Importantly, cultural differences in numerical processing due to the inversion of number words were not only observed in case the input or output was verbal but were also reported in nonlinguistic tasks such as, for instance, the comparison of the magnitude of two numbers presented in Arabic notation (Moeller et al., 2015; Nuerk et al., 2005) . Such findings indicate that verbal number word information is coactivated when processing Arabic digits, even when it is not necessary for effective problem solving. If it is indeed coactivated verbal information that leads to the observed differences between language groups, then suppressing the processing of verbal information associated with the numerical task should eliminate differences in numerical processing between language groups. Thus, the primary aim of the current studies was to investigate the effect of articulatory suppression on language differences in number processing.
For different numerical and arithmetic tasks, it has been demonstrated that verbal information influences numerical processing (symbolic magnitude comparison: Moeller et al., 2015; Nuerk et al., 2005 ; number line estimation: Helmreich et al., 2011; mental addition: Brysbaert et al., 1998; Göbel et al., 2014; Lonnemann & Yan, 2015; Van Rinsveld, Brunner, Landerl, Schiltz, & Ugen, 2015) . With respect to two-digit number magnitude comparison, Nuerk and colleagues (2005) investigated verbal influences by using the unit-decade compatibility effect (Nuerk, Weger, & Willmes, 2001) : A number pair is considered unit-decadecompatible when comparing tens and units leads to similar response biases (e.g., 42_57: 4 Ͻ 5 and 2 Ͻ 7). Contrarily, a number pair is unit-decade-incompatible when the respective comparisons lead to opposite response biases (e.g., 47_62: 4 Ͻ 6 but 7 Ͼ 2). When overall distance is held constant, compatible number pairs are usually responded to faster and with fewer errors than incompatible number pairs. This compatibility effect indicates that the single digits of a two-digit number (i.e., tens and units) are processed separately, contradicting the view of holistic processing of the overall magnitude of two-digit numbers in a number magnitude comparison task as argued previously (e.g., Dehaene, Dupoux, & Mehler, 1990; Restle, 1970) . Nuerk and colleagues (2005) showed that, although present in both a German-and an English-speaking sample, the compatibility effect was more pronounced for the German-speaking group. Importantly, this was the case when numbers were presented in Arabic notation. The authors explain this finding by differences in numerical processing due to differences in the verbal number word systems. While the English number word system is fairly consistent for numbers Ն20, German two-digit number words are inverted with respect to the Arabic digit notation (42 is spoken as zweiundvierzig, which literally translates to two-and-forty). That means, in German, that the first named digit for double-digit numbers is the unit digit. Concurrent coactivation of verbal number words might thus have led to increased unit-based interference in German, in turn, leading to a comparably larger unit-decade compatibility effect for the German sample. Replicating and extending the results by Nuerk et al. (2005) , Moeller et al. (2015) demonstrated that both the number word system and reading direction influence the comparison process. The authors showed that the unit-decade compatibility effect is larger when number words and reading direction are incongruent (e.g., German: inverted number words and reading from left to right; Hebrew: not inverted and reading from right to left). The results of Moeller et al. (2015) thus further corroborate the notion that verbal information influences the comparison process and indicate that additional cultural factors have an impact as well.
As regards number magnitude comparison, not only an inverted number word structure but also specific characteristics of the stimulus set were shown to influence the comparison process. For instance, a certain percentage of within-decade filler items (e.g., 35_39) is usually included in a stimulus set to prevent participants from focusing on the tens digit only. Indicating influences of cognitive control (e.g., the adaptation to stimulus characteristics to minimize conflicting information) in basic numerical processing, previous studies revealed that the percentage of within-decade filler items included in the stimulus set influenced the size of the compatibility effects. In this regard, compatibility effects were found to be larger the more within-decade fillers are included in the stimulus set (e.g., Macizo & Herrera, 2011; see Huber, Nuerk, Willmes, & Moeller, 2016 , for a computational modeling evidence). Thereby, it is assumed that over the course of an experiment the relative importance of tens and units is modulated depending on the percentage of filler items used. Crucially, influences of an inverted number word structure and specific characteristics of the stimulus set have so far been investigated in isolation. Thus, it is unclear whether language has a differential impact on the comparison process depending on the relative importance of tens and unit digits in a specific stimulus set.
Assuming that the verbal processing component led to the previously observed inversion-related differences in cross-cultural study designs, interfering with the possibility to process verbal information should eliminate the influence of differing number word systems during a numerical task. As a consequence, regular compatibility effects should remain in number magnitude comparison, however, inversion-related differences in compatibility effects between language groups should no longer be present. In this vein, articulatory suppression paradigms are used to investigate the involvement of the articulatory loop (Baddeley, Lewis, & Vallar, 1984) . The articulatory loop is part of the verbal working memory and responsible for admitting and temporarily storing verbal information in the phonological loop (Baddeley, 1992) . In articulatory suppression paradigms, participants are usually asked to repeatedly utter a word or a sequence of syllables in a constant rhythm (Baddeley et al., 1984; Murray, 1968) . This impairs subvocal repetition processes related to the primary task, thereby preventing admission or storage of additional verbal information. Articulatory suppression paradigms have already been applied in a wide range of tasks and have been used to investigate the involvement of verbal information processing in numerical cognition as well (e.g., Lee & Kang, 2002; Moeller, Klein, Fischer, Nuerk, & Willmes, 2011) .
Objectives
Previous studies investigating cross-cultural differences related to number word inversion mostly used quasi-experimental designs (i.e., comparing different language groups). In two studies comThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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plementing existing research, we aimed at evaluating linguistic influences on numerical processing as well as their possible interaction with cognitive control processes (e.g., the influence of characteristics of the stimulus set in terms of the percentage of filler items included) more directly. To do so, in Study 1 we manipulated verbal processing resources by means of articulatory suppression during numerical processing within two groups of participants with different language backgrounds [that is, inverted (German) or noninverted number words (English)]. Moreover, in Study 2, we manipulated the percentage of within-decade filler items included in the stimulus set in addition to the presence/ absence of articulatory suppression in two additional samples of, again, German-and English-speaking participants. This allowed us to further evaluate whether influences on the separate processing of tens and units associated with verbal number word processing (i.e., more prominent processing of units in a language with inverted number words) interacts with influences on the separate processing of tens and units associated with stimulus set characteristics (i.e., more prominent processing of units when more within-decade filler items in the set).
Study 1
In Study 1 we investigated verbal processing components in a two-digit number magnitude comparison task using Arabic digits by directly manipulating verbal processing capacities through articulatory suppression. In a mixed-model design, German-and English-speaking participants were asked to solve a number magnitude comparison task twice-with and without articulatory suppression. In line with previous results by Nuerk et al. (2005) and Moeller et al. (2015) , the unit-decade compatibility effect is expected to be larger for German-speaking (inverted number words) as compared with English-speaking participants (no inversion) when no articulatory suppression is present. However, while regular compatibility effects should still be observed under articulatory suppression, coactivation of verbal number word information is hindered and should, therefore, eliminate differences in the unit-decade compatibility effect between language groups.
Method
Participants. Twenty-four German-speaking participants (M age ϭ 22.25 years, SD age ϭ 4.55, range 18 -38, 7 male) were tested at the University of Tuebingen, Germany, and 24 Englishspeaking participants (M age ϭ 20.54 years, SD age ϭ 3.04, range 18 -30, 4 male) were tested at the University of York, United Kingdom. The two groups did not differ in age, t(46) ϭ 1.53, p ϭ .133. All participants were native speakers of their respective language, right-handed, and had normal or corrected-to-normal vision. The study was approved by the Ethics Committee of the Department of Psychology, University of York.
Stimuli and design. Participants completed a two-digit number magnitude comparison task. They had to choose the larger of two numbers presented simultaneously and above each other in the center of a screen. The stimulus set consisted of 480 two-digit number pairs between 21 and 98 in Arabic notation, with 120 unit-decade compatible (e.g., 32_47), 120 unit-decade incompatible (e.g., 37_52; taken from Nuerk et al., 2001) , and 240 withindecade filler pairs (e.g., 32_39). Between-decade number pairs realized a 2 ϫ 2 ϫ 2 within-participant design, with the factors compatibility (compatible vs. incompatible), decade distance (small: 1-3 vs. large: 4 -8), and unit distance (small: 1-3 vs. large: 4 -8) manipulated. Overall distance, decade distance, unit distance, and problem size (i.e., the sum of the two to-be-compared numbers) were matched between the respective stimulus groups.
Procedure. The experiment was presented on an 18-in. screen with a resolution of 1,024 ϫ 768 pixels and a refresh rate of 60 Hz. Participants sat approximately 50 cm in front of the screen. They were instructed to respond as quickly and accurately as possible with the right index finger (U key) in case the upper number was larger, and with the left index (N key) finger when the bottom number was larger. For half of the cases, the upper number was larger. In the other half, the lower number was larger. Participants had to press the same button not more than twice in a row. Stimuli were presented in white (font: Courier New, bold; font size: 24) against a black background until a response was given. Preceding each trial, a fixation cross was presented in the middle of the screen for 500 ms. Trials were separated by an interstimulus interval of 500 ms.
The same design was used for both conditions, with and without articulatory suppression. All participants performed both conditions within one test session. Participants always started with the condition without articulatory suppression to avoid spillover effects. For both conditions, the experiment started with 12 practice trials, followed by six experimental blocks of 80 number pairs each. The experiment lasted approximately 40 min. Trial order was randomized separately for each participant. In the articulatory suppression condition participants had to complete the same magnitude comparison task while uttering the nonsense syllable string "pa-ta-ka" in a staccato fashion at a rate of approximately one syllable per second. The experimenter checked the pace with a stopwatch to ensure loading of the articulatory loop.
Results
Overall error rates were generally low (German: M ϭ 4.9%, SD ϭ 3.4%; English: M ϭ 6.1%, SD ϭ 7.1%). Therefore, analyses focused on reaction times (RTs) of correctly solved trials. A trimming procedure excluded RTs shorter than 200 ms and longer than 3,000 ms as well as RTs below or above 3 SD of a participant's mean. Trimming resulted in average loss of 1.5% of data (SD ϭ 0.5%) for the German-speaking and 1.8% (SD ϭ 2.0%) for the English-speaking group. Because German-speaking participants showed slower response times and higher variability in their response times in the condition without articulatory suppression (t(39.57) ϭ 2.11, p ϭ .041; Levene test for homogeneity of variances: p ϭ .022; M Ger ϭ 776 ms, SD Ger ϭ 131 ms; M Eng ϭ 710 ms, SD Eng ϭ 88 ms), we z standardized raw RTs to control for interindividual differences in raw RT and its variability. For this z standardization, mean RT and its corresponding SD of all correctly answered items were calculated for each participant and articulatory suppression condition individually and used for standardization. Consequently, possible differences (or the lack thereof) in compatibility effects are not driven by interindividual differences in overall RT (see, e.g., Moeller et al., 2015; van den Boer, de Jong, & Haentjens-van Meeteren, 2012 for a similar approach). Results are given in both zRT and plain RT to ensure readability This document is copyrighted by the American Psychological Association or one of its allied publishers.
( Table 1 presents all means (zRT, RT) and standard deviations of all conditions). A 2 ϫ 2 ϫ 2 repeated-measures analysis of variance (ANOVA) with zRT as dependent variable and the factors compatibility (compatible vs. incompatible), articulatory suppression (with vs. without articulatory suppression), and language group (German vs. English) was conducted. In line with our predictions, the three-way interaction of compatibility, articulatory suppression, and language group was significant (F(1, 46) ϭ 6.24, p ϭ .016, p 2 ϭ .12). Breaking down this three-way interaction into its constituting two-way interactions for the conditions with and without articulatory suppression, respectively, indicated that significant differences in compatibility effects between language groups were present in the condition without articulatory suppression (F(1, 46) ϭ 4.15, p ϭ .047, p 2 ϭ 0.08). In contrast to previous observations, however, the observed interaction indicated that the compatibility effect was smaller for German-speaking (M ϭ 0.26) than for English participants (M ϭ 0.36, Figure 1) . Moreover, the difference in compatibility effects between language groups was not significant under articulatory suppression (M German ϭ 0.29, M English ϭ 0.26, F(1, 46) Ͻ 1, p ϭ .613). To substantiate the null effect observed in the articulatory suppression condition, a Bayesian analysis approach, as described by Masson (2011) , was applied to allow for the evaluation of the probability of the null hypothesis being true (i.e., that there is no difference in compatibility effects between language groups). Bayesian analyses revealed that the probability of null hypothesis was p BIC ϭ .858. According to criteria suggested by Masson (see also Raftery, 1995) , this reflects positive evidence for the null hypothesis.
Next to the highest order interaction, the ANOVA revealed that compatible number pairs were, on average, responded to faster than incompatible number pairs as indicated by the significant main effect of compatibility (M comp ϭ Ϫ0.25 (740 ms), SD comp ϭ 0.12, M incomp ϭ 0.04 (792 ms), SD incomp ϭ 0.14; F(1, 46) 
Discussion
As expected, significant compatibility effects were observed indicating reliable unit-based interference in two-digit number processing across language groups caused by separate processing of tens and units. However, the interaction of compatibility, articulatory suppression, and language group was significant, indicating that compatibility effects differed between language groups in the condition without articulatory suppression. This betweengroups difference was smaller and not significant when participants' articulatory loop was blocked by articulatory suppression. Note. zRT ϭ z-standardized reaction time; RT ϭ reaction time. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Thus, differences in the compatibility effect diminished when coactivation of number words was prevented. Unexpectedly, however, without articulatory suppression, the compatibility effect was larger in the English-compared with the German-speaking sample. This is not in line with results observed by Nuerk et al. (2005) and Moeller et al. (2015) , showing a larger compatibility effect for the German-speaking sample. Most importantly, this combined result pattern cannot be explained solely by the inversion property of German number words. If so, the present data should have revealed a larger compatibility effect for the German-speaking sample indicating increased unit-based interference due to the inverted number word formation in German. Therefore, although between-groups differences in compatibility effects disappeared under articulatory suppression, the observation of a reversed between-groups difference in the no articulatory suppression condition (i.e., a larger compatibility effect for English-speaking participants) may question the assumption that specificities in the number word structure only led to the observed between-groups differences. As such, these results do not yet allow for a definitive answer regarding what is actually eliminated in the articulatory suppression condition.
One possible explanation for the observed difference between studies may lie in the composition of the stimulus set used or, more precisely, in the percentage of within-decade filler items included in the set. While Nuerk et al. (2005) used no filler items and Moeller et al. (2015) used 33% filler items, 50% filler items were included in the stimulus set used in the present study. When filler items indeed modulate the relevance of tens and units, it is possible that language affects the comparison process differentially depending on the correspondence of the respective number word structure and the relevance of tens and units in a given stimulus set.
Without any filler items, the unit digit does not have to be considered at all, because the tens digit is sufficient to make the correct decision in 100% of all cases. When 33% of the trials are fillers, the correct decision can be derived in 67% of the trials from either the tens (in the 67% critical between-decade pairs) or the unit digit (in the 33% compatible between-decade pairs and 33% within-decade fillers). However, here the unit digit only has to be considered actively in the minority of trials (i.e., in the 33% filler pairs). Thus, the tens digit is still more relevant. In this case, speaking a noninverted language may be advantageous because naming the tens digit, which is of higher decision relevance, first, might reduce the interference caused by the decision-irrelevant unit digit in critical trials. In turn, this should lead to a smaller compatibility effect in speakers of a language with noninverted number words (as observed in Moeller et al., 2015; Nuerk et al., 2005) .
The case is, however, different when the stimulus set contains 50% of filler items-as in Study 1. Focusing on the tens digit leads to the correct decision in only half of the trials (50% critical between-decade trials). In contrast, focusing on the unit digit allows for deriving the correct decision in 75% of all cases (50% filler and 25% compatible between-decade trials). Thus, with 50% fillers included in the stimulus set, primarily considering the tens digit is no longer a superior strategy. Rather, focusing on the unit digit now seems to be a more economic strategy because in the majority of cases (75%) comparing the unit digit leads to the correct decision (see Huber, Mann, Nuerk, & Moeller, 2014 for eye-tracking evidence corroborating this argument). In turn, when a focus on the unit digits is beneficial for the stimulus set at hand, speaking a language with inverted number words might be advantageous. As the unit digit is named first in inverted number words, such a setting may thereby facilitate the comparison process. Based on past (Moeller et al., 2015; Nuerk et al., 2005) and present results, it is, therefore, suggested that number word inversion has a differential impact on the comparison process depending on the relative importance of tens and unit digits. This importance is influenced by the percentage of filler items used in the study.
Study 2
To directly test influences of the percentage of filler items on language differences in compatibility effects, Study 2 was conducted. In addition to manipulating language (German vs. English) and articulatory suppression (with vs. without articulatory suppression), in Study 2 we also manipulated the percentage of filler items This document is copyrighted by the American Psychological Association or one of its allied publishers.
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within participants (50% vs. 20% filler items). Thereby, Study 2 allowed for a direct replication of Study 1 with respect to the 50% filler condition. Furthermore, it allowed us to test the hypothesis of differential compatibility effects depending on both language and the percentage of filler items in the stimulus set as described above. First, we hypothesized to replicate the results of Study 1. In particular, we expected a larger compatibility effect for Englishspeaking, compared with German-speaking, participants when 50% within-decade filler items are included in the set. Additionally, we hypothesized that this between-language group difference disappears under articulatory suppression. However, in the new 20% filler condition, we expected a larger compatibility effect for German-speaking, as compared with English-speaking, participants, in line with previous studies using 33% or less filler items (e.g., Moeller et al., 2015; Nuerk et al., 2005) . Additionally, this between-groups difference should disappear under articulatory suppression as well.
Method
Participants. For Study 2, new participants were recruited. Twenty-four German-speaking participants (M age ϭ 24.58 years, SD age ϭ 3.89, range 19 -34, 8 male) were tested at the University of Tuebingen, Germany, and 24 English-speaking participants at the University of York. One of the English-speaking participants was excluded because data were only available for two out of four experimental conditions. Mean age of the remaining Englishspeaking sample was M age ϭ 19.64 years (SD age ϭ 2.44, range 18 -30, 4 male). German-speaking participants were on average older than their English-speaking counterparts (t(39.11) ϭ 5.21, p Ͻ .001). All participants were native speakers of the respective language, right-handed, and had normal or corrected-to-normal vision. The study was approved by the Ethics Committee of the Department of Psychology, University of York.
Stimuli and design. Participants of both language groups completed a total of four blocks of number magnitude comparison because in addition to the manipulation of articulatory suppression (with vs. without) the percentage of filler items was manipulated within-subject (50% vs. 20% filler items). The 50% filler conditions were identical to the ones used in Study 1. For the 20% filler conditions, the stimulus set of Study 1 was reduced so that it contained the same 240 experimental items but only 60 withindecade filler items.
Procedure. The procedure of Study 2 was identical to that of Study 1 except for the fact that participants had to come to the lab twice with at least one day (24 hr) between the two sessions. In the first session, they performed both blocks of one filler condition. Order of filler conditions was balanced across participants so that half of the participants started with the 20% filler conditions and the other half started with the 50% filler conditions in the first session. Participants always performed the block without concurrent articulation first regardless of filler condition. Each block started with 12 practice trials, followed by six experimental runs of 80 number pairs each in the 50% filler condition and five runs of 60 number pairs in the 20% filler condition. Instructions, stimulus presentation, as well as response keys were the same as in Study 1. For the 50% filler condition, the experiment lasted approximately 40 min, with about 20 min for each condition. For the 20% filler condition, the experiment lasted approximately 30 min, with about 15 min for each condition.
Results
Analyses steps were identical for Study 1 and 2. Error rates were low (German: M ϭ 5.4%, SD ϭ 4.1%; English: M ϭ 5.8%, SD ϭ 4.1%). Trimming resulted in average loss of 1.4% of data (SD ϭ 0.3%) for the German-speaking and 1.3% (SD ϭ 0.3%) for the English-speaking group. All means (zRT, RT) and standard deviations of all conditions are provided in Table 1. A 2 ϫ 2 ϫ 2 ϫ 2 repeated-measures ANOVA with zRT as dependent variable discerning the factors compatibility (compatible vs. incompatible), articulatory suppression (with vs. without), language group (German vs. English), and percentage of fillers (50% vs. 20%) was conducted to directly test the hypothesis of differential effects of number word formation on the compatibility effect depending of the percentage of within-decade filler items. In line with our predictions, the four-way interaction of compatibility, articulatory suppression, percentage of filler items, and language group was significant (F(1, 45) ϭ 7.25, p ϭ .010, p 2 ϭ .14). Breaking down this four-way interaction into its constituting threeway interactions for the condition without and with articulatory suppression, respectively, showed that the three-way interaction was only significant in the condition without articulatory suppression (F(1, 45) ϭ 10.71, p ϭ .002, p 2 ϭ .19) but not in the condition with articulatory suppression (F Ͻ 1, p ϭ .873). Bayesian analyses substantiated this null effect by revealing that the posterior probability of the null hypothesis was p BIC ϭ .871. According to criteria suggested by Masson (2011; see also Raftery, 1995) , this reflects positive evidence for the null hypothesis. Further breaking down the significant three-way interaction observed in the condition without articulatory suppression showed that when 50% fillers were included in the stimulus set-as it was the case in Study 1-the compatibility effect tended to be larger for the English-speaking, as compared with the German-speaking, sample (M German ϭ 0.28, M English ϭ 0.37, F(1, 45) ϭ 3.45, p ϭ .070, p 2 ϭ 0.07; see Figure 1 ). However, and in line with our predictions, in the case where 20% fillers were included in the stimulus set the compatibility effect was larger for the German-speaking, as compared with the Englishspeaking, sample (M German ϭ 0.29, M English ϭ 0.20, F(1, 45) ϭ 5.73, p ϭ .021, p 2 ϭ .11; Figure 2 ). Next to this highest order interaction, the ANOVA revealed that compatible number pairs were on average responded to faster than incompatible number pairs as indicated by the significant main effect of compatibility (M comp ϭ Ϫ0.13 (692 ms), SD comp ϭ 0.30, M incomp ϭ 0.15 (735 ms), SD incomp ϭ 0.30; F(1, 45) ϭ 300.17, p Ͻ .001, p 2 ϭ .87). Additionally, RTs in the 20% filler condition were faster compared with the 50% filler condition (M 50% ϭ 0.10 (726 ms), SD 50% ϭ 0.33, M 20% ϭ Ϫ0.08 (701 ms), SD 20% ϭ 0.31; F(1, 45) ϭ 6.73, p ϭ .013, p 2 ϭ .13). Additionally, overall RTs of the German speakers were faster compared with English speakers (M German ϭ 0.007 (688 ms), SD German ϭ 0.34, M English ϭ 0.014 (740 ms), SD English ϭ 0.33; F(1, 45) ϭ 6.13, p ϭ .017, p 2 ϭ .12). Finally, and in line with previous studies (e.g., Macizo & Herrera, 2011) , the compatibility effect was more pronounced when 50% fillers were included in the stimulus set (M 50% ϭ 0.32 (52 ms 
Discussion
To replicate the results of Study 1 and to evaluate the unexpected result of a larger compatibility effect in English-speaking, as compared with German-speaking, participants, the percentage of filler items included in the stimulus set was manipulated in addition to language and articulatory suppression in Study 2. Results were in line with our expectations. First, we replicated the effect of articulatory suppression already observed in Study 1: differences in the compatibility effect between language groups disappeared in conditions with articulatory suppression. Second, we replicated the unexpected result pattern of Study 1: in the 50% filler condition in Study 2 we again observed that the compatibility effect tended to be larger for English-speaking, as compared with German-speaking, participants.
Finally, results of Study 2 corroborated our hypothesis of differential language influences on the compatibility effect depending on the percentage of filler items included in the stimulus set. In line with previous observations of studies including 33% or less filler items (Moeller et al., 2015; Nuerk et al., 2005) , we found that the compatibility effect was larger in the German-speaking, compared with the English-speaking, sample in the 20% filler condition of Study 2. However, this reversed in the 50% filler condition. For the 20% filler condition in Study 2, focusing on the tens digit allowed for deriving the correct decision in the majority of cases (80% compatible between-decade trials). Here, speaking a noninverted language (tens digit is named first) is consistent with the relevance of tens and units determined by the characteristics of the stimulus set which seems to have led to the smaller compatibility effect for English-speaking, as compared with German-speaking, participants. Contrarily, in case 50% fillers were included in the set (Study 1 and Study 2), focusing on the unit digit allowed for deriving the correct decision in the majority of cases (75%: 50% filler and 25% compatible between-decade trials). Thus, when considering characteristics of the stimulus set, focusing on the unit digit was a more economic strategy. In this case, speaking a language with inverted number words (unit digit is named first) seems to be advantageous resulting in smaller compatibility effects for German-speaking, compared with English-speaking, participants.
Considering the overall pattern of results, Study 2 provides two additional new insights. First, verbal (number word) information seems to be activated during symbolic Arabic number magnitude comparison irrespective of the percentage of fillers included in the stimulus set because between-language group effects disappeared under articulatory suppression in both filler conditions. Second, the numerical comparison process seems to be most efficient in the case where the number word structure of a given language corresponds to the relative importance of tens and units as determined by characteristics of the stimulus set. In particular, Study 2 suggests that naming the unit digit first (as it is the case in languages with inverted number words such as German) does not necessarily lead to worse performance outcomes due to additional interference of the unit digit but may actually be an advantage in the case where the respective focus on the unit digit corroborates a more efficient solution strategy (as is the case when 50% within-decade fillers are included in the stimulus set).
General Discussion
In two studies we directly evaluated the underlying mechanisms of previously observed linguistic influences on symbolic Arabic two-digit number magnitude comparison using an articulatory suppression paradigm. In Study 1, German-and English-speaking participants performed a number magnitude comparison task twice: with and without articulatory suppression (e.g., uttering pa-ta-ka during the comparison process). In Study 2, we additionally manipulated the percentage of filler items included in the stimulus set. Results of both studies consistently support the notion that-although not necessary for the comparison process-number words are automatically coactivated in number magnitude processing even in a nonverbal numerical task using Arabic digits. Specifically, results show that it is indeed concurrent processing of number words that leads to the observed differences between language groups because between-language group differences in compatibility effects disappeared under articulatory suppression. Study 2 further indicated that the inversion of number words does This document is copyrighted by the American Psychological Association or one of its allied publishers.
not per se lead to worse performance in the comparison process due to additional interference of the first named unit digit. Instead, the direction of between-language group differences depended on the percentage of fillers included in the stimulus set. In particular, efficiency in comparing two two-digit numbers seemed to depend on the correspondence of the number word structure with the relevance of tens and units which is determined by the overall characteristics of the stimulus set. This differential influence of articulatory suppression in twodigit number magnitude comparison expands previous findings of Nuerk et al. (2005) and Moeller et al. (2015) by applying a more direct test of coactivation of verbal numerical information while solving the task. Most importantly, in both Study 1 and Study 2 and, thus, irrespective of the percentage of filler items included in the set, between-group differences in the compatibility effect disappeared when articulatory suppression was applied. Results are, therefore, not in line with the assumption that number magnitude comparison tasks presented in Arabic notation are processed without any involvement of the verbal code as proposed by the currently most influential model of number processing (e.g., Dehaene & Cohen, 1995; Dehaene, Piazza, Pinel, & Cohen, 2003) .
However, in contrast to previous findings, differential betweenlanguage group patterns were observed depending on the percentage of filler items included in the stimulus set. This further indicates that the inversion of number words might not be the only factor driving differences in two-digit number processing between language groups. Instead, these new findings suggest that linguistic differences and properties of the stimulus set (e.g., the percentage of filler items used) interact in symbolic number processing. Therefore, when aiming to determine the underlying processes of two-digit number magnitude comparison it is crucial to consider both cross-linguistic differences and influences of cognitive control (driven by stimulus set characteristics) as well as their interaction.
